Introduction
Aluminosilicates are widely used in the field of catalysis due to their Brønsted acidic 18 properties that enable the conversion of hydrocarbons. However, the reasons why 19 crystalline zeolites are much more active than amorphous aluminosilicates (ASAs) 20 remain unclear. It has been proposed that the lower catalytic activity of ASAs is due to a 21 smaller number of Brønsted acid sites (BAS) whose structure, i.e. a tetrahedral 22 was found for compositions below 30 wt.% SiO 2 , possessing bridged zeolitic Brønsted 1 acid sites, as well as the encapsulation of the alumina surface by silicon species above 2 30 wt.% SiO 2 with decreasing acidity. . 12 In the present study, we demonstrate the variety of Brønsted acidities in zeolites and 13 ASAs. The model Si/Al 2 O 3 and Al/SiO 2 ASAs that were previously prepared by 14 grafting and characterized are compared to ASAs prepared by cogelation. A cogel ASA, 15 prepared by mixing molecular precursors of silicon and aluminium species, and whose 16 structure is expected to differ from that of the grafted samples, shows a heterogeneous 17 structure and the presence of zeolitic sites that are not found in the ASAs made by 18 grafting. A Siralox reference from Sasol (Siralox 30, 30 wt.% SiO 2 ) is compared to 19 Si/Al 2 O 3 samples that we made by grafting. We uniquely give evidence of the presence 20 of specific structures for the BAS of ASAs made by grafting thanks to CO and ethanol 21 adsorption followed by IR. The thermogravimetric study of ethanol adsorption and desorption followed the 1 protocol given by Kwak et al. [20] that we previously used for Si/Al 2 O 3 [17] and 2 Al/SiO 2 [18] materials. The samples (≈ 20-30 mg) were put in crucibles and inserted 3 into a Mettler Toledo apparatus (TGA/SDTA851e) and activated in a flow of helium 4 (60 mL.min -1 ) at 500°C (heating rate 10 °C.min -1 ) for two hours, to eliminate 5 physisorbed water. After cooling to room temperature, ethanol was adsorbed by passing 6 helium through a saturator of ethanol until saturation of the weight gain (approx. 30 7 min). The weakly adsorbed ethanol molecules were desorbed by purging for 1 h at room 8 temperature, and the strongly adsorbed molecules were desorbed during the thermo-9 programmed desorption step (TPD) by heating the sample from room temperature to 10 400°C. This resulted, when calculating the first derivative of the weight loss during 11 TPD with respect to temperature, in two main desorption features corresponding to 12 ethanol and ethylene release. The amount of dehydrated ethanol was calculated as 13 follows:
where A peak i is the area of the peak corresponding to the desorption of species 
where A i is the area of the GC peak of species i (i = toluene, p-xylene, o-xylene, 9 trimethylbenzenes), N A the Avogadro number (6.02×10 23 mol -1 ), and S BET the surface 10 area of the catalyst. Table 2 gives the amount of ethanol retained after purge, and the amount of ethanol 200°C. Infrared spectra of the OH stretching region of the materials are shown in a 23 previous paper [17] . Ethanol adsorption on the OH groups of the support causes a 1 decrease of intensity in the OH stretching region (3600 cm -1 to 3800 cm -1 ), and the 2 appearance of peaks in the CH 2 -CH 3 stretching region (2800 cm -1 to 3000 cm -1 ) [13]. H- [17, 20] . To a lesser extent, Al-OH 9 groups of the (110) surface (at 3790 cm -1 and 3730 cm -1 ) also contribute to the 10 adsorption of ethanol. On SA(7/anh), ethanol adsorption takes place on silanol groups 11 (3745 cm -1 ) and OH groups of the (110) surface of alumina (3730 cm -1 ). The OH groups 12 of the (100) surface are grafted with silicon species and can no longer adsorb ethanol 13 [17] , hence the absence of a negative peak at 3770 cm -1 . On SA(12/anh), due to grafting 14 of the (110) surface with silicon species [17] , the intensity of the negative bands 15 corresponding to the OH groups of the (110) surface (3790 cm -1 and 3730 cm -1 ) 16 decreases. The ethanol dehydration sites of SA(17/CVD250) are exclusively BAS [17] . 17 On SA(17/CVD250), silanols are the main adsorption sites, but the negative band 18 extends until 3650 cm -1 .
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On alumina, the CH 2 -CH 3 stretching region is characterized by four main peaks. The 20 peaks at 2967 cm -1 and 2926 cm -1 are ascribed to the asymmetric stretching vibration of 21 CH 3 (ν a (CH 3 )) and CH 2 (ν a (CH 2 )), respectively; the peaks at 2895 cm -1 and 2868 cm -1 22 are ascribed to the symmetric stretching vibration of CH 2 (ν s (CH 2 )) and CH 3 (ν s (CH 3 )), 23 respectively [13]; H-bonding confirms the adsorption of ethanol on OH groups. From alumina to SA(7/anh), the four peaks are blue-shifted, and the intensity of ν s (CH 3 ) 1 decreases. When the silica loading increases, ν a (CH 3 ) is red-shifted, the intensity of 2 ν s (CH 3 ) decreases, and H-bonding is more pronounced.
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The temperature of activation of alumina impacts the type of adsorption of ethanol 4 ( Fig. 3 ). Upon ethanol adsorption after a pretreatment at 400°C, no-H-bonding is 5 visible. The negative signal in the OH region only appears for high ethanol coverage, 6 and it is not centered at 3770 cm -1 , which indicates that most of the ethanol molecules 7 are not adsorbed on OH groups. The absence of disturbances, in the OH stretching 8 region, between 3750 cm -1 and 3800 cm -1 , confirms that the (100) surface has no 9 hydroxyl group. In fact, upon dehydroxylation of the (100) surface by pretreatment at 10 high temperature, LAS form and become the adsorption sites of ethanol instead of OH 11 groups. However, whatever the activation temperature, the four peaks in the CH 2 -CH 3 12 stretching region have the same ratios of intensity and the same positions. This means 13 that the shape of the CH 2 -CH 3 stretching region is not sensitive to the nature of the 
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CO first adsorbs on strong Lewis acid sites (2230 cm -1 , ①) ( Fig. 5a ). This causes a shift 14 of the OH stretching peak of isolated silanols (3745 cm -1 ) and SiOHAl HF (3632 cm -1 ) 15 towards higher wavenumbers. This phenomenon was observed by Crépeau et al. and it 16 was ascribed to thermal effects caused by the temperature gap between CO and the 17 temperature of the cell [11] . One can also postulate that silanol groups are disturbed due 18 to the introduction of the first CO molecules. Further adsorption of CO molecules is 19 characterized by a peak at 2180 cm -1 (CO-OH(a)) in the CO region (②). The 20 simultaneous appearance of a negative band at 3632 cm -1 in the OH stretching region 21 confirms the adsorption on strong BAS (SiOHAl HF, OH(a)). Upon CO adsorption, this 22 OH band is shifted to 3280 cm -1 (CO-OH(a)). The CO adsorption on silanols (③) causes the appearance of several peaks in the CO stretching region (CO-OH(b) and (c)). 1 The silanol peak (OH(b-c)) is shifted to 3660 cm -1 (CO-OH(b-c)) upon CO adsorption. shown the presence of positive bands corresponding to perturbed OH bands, but they 9 have failed to locate the original wavenumber of BAS, which has lead to various 10 hypotheses aiming at explaining its absence: structure of BAS differing from that of 11 zeolites [5, 11] or low number of bridged sites [10], for example. Here, we observe both 12 the shifted wavenumber of the CO-OH complex starting at around 3400 cm -1 (CO- and weak/medium LAS increases (+115% and +32%, respectively) when the activation temperature increases; the number of silanol groups of SA(17/4eqW) also increases (≈ 1 +30%). The negative peak at around 3600 cm -1 in the OH stretching region indicates the 2 presence of BAS at a lower wavenumber than for AS(25/anh) (3640 cm -1 ), and which 3 are hardly visible at high activation temperature. The CO dose which is adsorbed on the 4 BAS of SA(17/4eqW) leads to a more intense CO-OH(A/B) band in the CO region, at a 5 higher wavenumber than for the following CO doses (2173 cm -1 vs. 2156 cm -1 ), as Table 4 gives the rates of conversion of m-xylene. These and the turnover frequency of conversion and the TOF are much lower than for H-USY. The isosurface conversion 18 rate of ASA(comm.) is intermediary between that of SA(12/anh) and that of 19 SA(17/anh); but due to a higher surface area, its isoweight conversion rate is much 20 higher. Considering that the surface structure of ASA(comm.) can be rationalized as that 
Zeolitic Brønsted acid sites in ASAs

Diversity of Brønsted acid sites in zeolites and ASAs
10
In all ASAs other than ASA(cogel), the ethanol dehydration temperature is higher 11 than that of H-USY, which indicates higher activation energy and lower strength of the 12 site. Hence, they are of a different nature ( Table 5 ). Such ASAs may, however, catalyze 13 the isomerization of m-xylene to its products. This proves that sites other than zeolitic 14 BAS and weaker than zeolitic BAS may catalyze the isomerization of m-xylene, which 15 contradicts former results [4] . 16 Based on computational data, sites that are specific to ASAs have been proposed [6] . 17 The temperature range in which these pseudo-bridging silanols (PBS) can be obtained is 18 narrow, as a certain hydration state of the surface is required. In the present study, CO 19 adsorption on Si/Al 2 O 3 after activation at 250°C or 450°C shows that the number of 20 both strong LAS and silanols increases and BAS are less visible when the activation 21 temperature increases (Fig. 7b) . Basing on our model of BAS for Si/Al 2 O 3 [17] , it 22 means that the interaction between the aluminium species and the silicon species, which 23 can be assimilated to a PBS structure, is weaker at high temperatures, leaving the two 24 species isolated and causing the increase of the strong Lewis acidity and the decrease of 1 the Brønsted acidity. On Al/SiO 2 , the number of both LAS and BAS decreases when 2 increasing the activation temperature, while the number of silanols remains constant 3 (Fig. 7a ). There is no clear explanation for this observation, but it confirms the role of In the OH stretching region of the infrared spectra of AS(25/anh) upon CO 8 adsorption, a Brønsted acid site with a stretching frequency of 3640 cm -1 can be 9 identified in Al/SiO 2 (Fig. 6 ). Because of the lower surface area of AS(25/anh), the 10 negative peak observed during CO adsorption is less intense than those of H-USY. As a 11 consequence, this peak is hidden by the H-bonding following the adsorption of ethanol 12 (Fig. 4) . The broadness of the band at 3640 cm -1 in IR-CO indicates a certain variety of 13 sites, which correlates to a broad ethanol dehydration peak (Fig. 1b) , contrary to H- higher for the BAS of H-USY (Δν = 352 cm -1 ) than for the BAS of AS(25/anh) (Δν = 240 cm -1 ) and for the silanol groups (Δν = 85 cm -1 for both H-USY and AS(25/anh)), 1 which is consistent with a higher acidity of the BAS of the zeolite [9]. A similar 2 conclusion had been obtained by calculating the turnover frequencies (TOF) of the BAS 3 of these materials for m-xylene isomerisation [18] . 4 We found no impact of the type of zeolite (H-USY with and with very few EFAL, H- Table S1 gives the number of Brønsted acid sites (BAS), following a pretreatment at 250°C before CO adsorption.
The stretching frequency of Brønsted acid sites of ASA(cogel) is supposed to be the 3 same as that of H-USY, but no evidence was found in IR-CO. Table S1 9 Number of Brønsted acid sites (BAS). in Table 1 . brackets correspond to entries in Table 1 . 
